SUMMARY The pool size and composition of bile acids were studied in 13 unoperated patients with un-
In most patients with Crohn's disease inflammatory lesions involve the ileum, which is known to be the site of bile acid absorption. Therefore, effects on bile acid metabolism are to be expected in these patients. Previous investigations have shown changes in size and composition of the bile acid pool in several groups of patients in whom the ileum was resected or involved by some disease process (Austad et al., 1967; Hofmann, 1967; Meihoff and Kern, 1968; Bruusgaard and Thaysen, 1970; Dowling et al., 1972) . Recently, the bile acid metabolism of patients with Crohn's disease was studied more specifically but the series comprised both operated and unoperated cases and it was not indicated whether or not the disease was complicated by fistula formation or obstruction (Lenz, 1975) . The purpose of our investigations was to carry out a systematic study of bile acid composition and pool size in a group of unoperated patients with uncomplicated Crohn's disease in order to determine the disorders of bile acid metabolism which are apparently associated with the disease process itself.
Methods

SUBJECTS
Thirteen patients with Crohn's disease were studied, nine males and four females, aged 17 to 50 years with a mean age of 27-6 years. The diagnosis of Crohn's disease was based on generally accepted clinical, radiological, and pathological criteria. Patients who had been treated surgically for Crohn's Received for publication 26 February 1977 disease or in whom the disease was complicated by intestinal fistulas or obstruction were excluded from the study. The radiologically demonstrable ileal lesions extended over a length of 5 cm to 50 cm (mean 28-5 cm). In all but one of the patients the colon was involved as well. The activity of the disease was evaluated by means of the activity index proposed by the American National Cooperative Crohn's Disease Study Group (Best et al., 1976 ). This index is based on three clinical features (number of liquid stools, abdominal pain, general well-being) and on five objectively measurable items (systemic involvement, use of diphenoxylate or opiates, abdominal mass, haematocrit, and body weight). The numerical value of the index has been found to be proportional to the degree of illness: values of 150 and below are associated with quiescent disease, values above that indicate active disease, whereas values above 450 are seen with extremely severe disease. To correlate disease activity with parameters of bile acid metabolism a mean activity index was determined in each patient. This mean index was calculated from data recorded during the two or three clinical examinations that were performed in each patient during the two months preceding the bile acid studies. Some pertinent data on these patients are summarised in Table 1 .
The control groups consisted of 10 normal subjects, six males and four females, aged 19 to 63 years (mean 35 years) and, of 10 patients with ulcerative colitis, six males and four females, aged 26 to 58 years (mean 34 years). The diagnosis of ulcerative colitis was confirmed histologically in all patients. Schwarz et al. (1974) . Taurine conjugates, glycine conjugates, and total unconjugated bile acids were separated by thin-layer chromatography on silica gel G-plates (Merck, Darmstadt, Germany) in the solvent propionic acid/isoamylacetate/propanol/ water (15:20:10:5) (Hofmann, 1962) . Individual bile acids were determined by thin-layer chromatography in the solvent system isooctane/ethylacetate/acetic acid (5:5:1). The duodenal and ileal contents of four patients with Crohn's disease were submitted to the procedures described by Parmentier and Eyssen (1975) and Eyssen et al. (1976) The bile acid pool size of the 13 patients with Crohn's disease was 1-48 (± 0 16) g. A significantly larger pool was found in the normal subjects (3 09 ± 0 27)g and in the patients with ulcerative colitis (2-92 ± 0A40) g (p < 0-001 and P < 0-01 respectively). There was little overlap between the values of Crohn's disease patients and normal controls, but the overlap with ulcerative colitis, was considerable (Fig. 1 
COMPOSITION OF BILE ACID POOL
The ratio of glycine to taurine conjugates, the percentages of unconjugated bile acids and the relative amounts of the various cholanic acids in the bile acid pool of Crohn's disease patients, patients with ulcerative colitis, and normal controls are summarised in Table 2 . In two patients with ulcerative colitis an unidentified bile acid was found which constituted 38-2% and 24-6% respectively of the bile acid pool. The most striking feature, however, was the increased amount of ursodeoxycholic acid in the bile of many patients with Crohn's disease (6-60% ± 1P93%) as compared with 139% (±0-12%) in normal subjects and 0-72% (±0 34%) in patients with ulcerative colitis (p < 0-02) (Fig. 2) . Unconjugated bile acids constituted 4-64% (± 1.64%) of the pool in Crohn's disease patients, 2-59% (± 1P17%) in the normal subjects and 7-02O% (±+270%) in patients with ulcerative colitis. Only traces of sulphated bile acids were found in the Crohn's disease patients (less than 0 5 % of the pool).
The ratio of glycine to taurine conjugates was markedly greater in Crohn's disease patients than in normal subjects (5 15 ± 0 39 and 2 35 ± 0-17 respectively; P < 0-001). Patients with ulcerative colitis had a glycine to taurine ratio which was not different from the normal controls (2-22 ± 027) ( Table 3 ).
Discussion
Previous investigations have shown bile acid loss in a variety of pathological conditions of the ileum including ileal resection and Crohn's disease (Austad et al., 1967; Hofmann, 1967; Meihoff and Kern, 1968; Bruusgaard and Thaysen, 1970; Dowling et al., 1972; Lenz, 1975) . However, until now no systematic study has been performed of the bile acid composition and pool size in uncomplicated Crohn's disease -that is, without intestinal fistulas, radiologically demonstrable obstruction or ileal resection, conditions which are known to produce disorders of bile acid metabolism. Our studies were carried out in order to determine the disorders that are associated with the disease process itself. We used the single duodenal intubation technique of Austad et al. (1967) to determine the bile acid pool size. In this method (14C)-cholic acid is administered intravenously; three hours later gallbladder evacuation is stimulated by cholecystokinin and bile is aspirated from the duodenum. If the injected label is homogeneously mixed with the gallbladder bile within three hours, the bile acid pool size can be calculated from the concentration of total bile acids and the dilution of the label in the bile sample. This procedure has been validated by Pomare and Low-Beer (1974) and by Duane et al. (1975) . The latter authors used a longer time interval between administration of the label and duodenal sampling in order to allow more time for the label to mix with the gallbladder bile. The single intubation method will overestimate the pool size in conditions in which the fractional turnover rate is accelerated, such as in bile acid malabsorption (Duane et al., 1975) . Our data indicate that, even if a method is used which possibly overestimates the pool size in patients with Crohn's disease involving the ileum, the bile acid pool of these patients is significantly reduced. As in patients with Crohn's disease or other disorders of the terminal ileum the bile acid pool size tends to become smaller as the day progresses (van Deest et al., 1968) , it should be emphasised that we measured the size of the fasting pool. Gallstones are common in Crohn's patients (Heaton and Read, 1969; Dowling et al., 1972) , and gallstone disease is often associated with a reduced bile acid pool (Vlahcevic et al., 1972) . The decreased bile acid pool observed in this series of patients with Crohn's disease is not due to associated gallstone disease because none of the patients had gallstones on x-ray examination. It seems logical, therefore, to assume that the decreased bile acid pool size is related to an exaggerated loss of bile acids by the diseased ileum. As we did not culture the bacterial contents of the upper small intestine, we do not know whether the increased glycine to taurine ratio is caused by an interrupted enterohepatic circulation of bile acids (Garbutt et al., 1969) , or to bacterial overgrowth (Tabaqchali, 1970; Mallory et al., 1973) , or to both. The presence of unconjugated bile acids in the patients with Crohn's disease also points to the possibility of bacterial colonisation of the small intestine. Impaired absorption of bile acids in the ileum can be compensated within certain limits by an increased bile acid synthesis (Hofmann and Poley, 1972) . In Rhesus monkeys bile acid pool size is lowered only by ileal resections of more than one-third of the small bowel (Dowling et al., 1970) . In man diarrhoea is observed with small ileal resections of 40 to 200 cm (Hofmann and Poley, 1972 ) but a decrease of bile acid pool size (as evidenced by decreased jejunal bile acid concentrations after a test meal) is observed only with resections of more than 100 cm (Hofmann and Poley, 1969) . In our series of patients with Crohn's disease the radiologically demonstrable lesions were limited to the distal 5 to 50 cm of the small bowel. The reduction of their bile acid pool size to half the value of that found in normal subjects, therefore, strongly suggests that the intestinal segment in which bile acid absorption was impaired was much more extensive than the lesions demonstrated by careful radiological examinations. These data are in accordance with the observation of others who showed that Crohn's disease is a much more widespread intestinal disease than is generally believed (Goodman et al., 1976; Dyer et al., 1970; Ruddell et al., 1976 ).
An unexpected finding in the patients with Crohn's disease was the increased level of an unusual bile acid-that is, ursodeoxycholic acid, which is the epimer of chenodeoxycholic acid. Ursodeoxycholic acid, a major constituent of bile in bears, is only rarely found in measurable amounts in human subjects beyond the period immediately after birth (Murphy and Signer, 1974) . Studies of Makino et al. (1975) have shown that orally administered ursodeoxycholic acid can be used in mantodissolvecholesterol gallstones. Ursodeoxycholic acid was found in considerable amounts in the bile of patients who had been treated for long periods with chenodeoxycholic acid for the dissolution of gallstones (Salen et al., 1974; Stiehl et al., 1975; Bremmelgaard and Pedersen, 1976) . The studies of Salen et al. (1976) indicate that ursodeoxycholic acid, administered as (14C) ursodeoxycholic acid to five male subjects, may be transformed into chenodeoxycholic acid. The reverse reaction, however-that is, from cheno into ursohas not been demonstrated in man. Our observation that significant amounts of radioactive ursodeoxycholic acid could not be detected in the bile 24 hours after the intravenous administration of (14C) labelled chenodeoxycholic acid is not in favour of the assumption that the increased levels of ursodeoxycholic acid in our Crohn's patients are due to transformation of cheno-into ursodeoxycholic acid. The origin of this bile acid remains unexplained. Increased levels of ursodeoxycholic acid were found in Crohn's disease and not in ulcerative colitis. However, other pathological conditions such as exaggerated bile acid formation caused by ileal resection, bacterial overgrowth, and involvement of the ileum by other pathological conditions have to be studied before a high level of ursodeoxycholic acid can be accepted as a hallmark of Crohn's disease.
The activity of Crohn's disease was evaluated by the activity index proposed by the American National Cooperative Crohn's Disease Study Group (Best et al., 1976) . Talstad and Gjone (1976) , using a different index, found that the erythrocyte sedimentation rate was fairly well correlated with the activity of Crohn's disease. In our studies both the erythrocyte sedimentation rate and the serum cholesterol level correlated with the activity of the disease (Table 4 ). However, the parameter which correlated best with the activity index was the bile acid pool size: the more active the disease, the lower the pool size (Fig. 3) .
